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A. K. Pandey* & Amita Kumari* : Development and structure 
of seeds and fruits in Compositae, Zinnia species 

A. K. ^yf^*A. ?-?)*: 4r z ft r + 9 - y * 

Tribe Heliantheae of family Compositae includes 150 genera and 2500 species 
(Stuessy 1977). In spite of being one of the largest tribes, developmental anatomy 
of cypsela in the members of this tribe has been studied only in some taxa 
(Kapil & Sethi 1962, Chopra 1968, Misra 1972, Sundara Rajan 1972, 1974, Chopra 
& Singh 1976, Pandey 1976, Maheswari Devi & Ranjalkar 1979, Pullaiah 1982, 
Pandey & Singh 1982, Stuessy & Liu 1983, Maheswari Devi & Padma 1985). 
Zinnia, a member of tribe Heliantheae comprises 20 species (Willis 1973). A 
perusal of literature reveals that development and structure of seeds and fruits 
in this genus has not been studied. The present communication, therefore, deals 
with these aspects in Zinnia elegans Jacq. and Z. linearis Benth., both being 
ornamental annuals. 

Materials and methods Materials collected locally were fixed in formalin- 
acetic-alcohol and stored in 70% ethanol. Usual methods of dehydration and 
embedding were followed (Sass 1958). Serial microtome sections (8-15 /am thick¬ 
ness) were cut and stained in safranin-fast green combination. 

Observations Ovary and ovule. The syncarpous and unilocular ovary 
contains a single anatropous, unitegmic and tenuinucellate ovule (Figs. 1A, 2A). 
Vascular supply of the ovule enters through funicle, overarches the chalaza and 
ends on the antiraphe side of the integument (Fig. 2A). Similar pattern of 
vascular supply has been reported by Venkateswarlu (1941) in Zinnia elegans. 

Integument. The integument at the organised female gametophyte stage is 
9 to 12 cell-layers thick (Figs. IB, 2B). Cells of its inner epidermis elongate 
radially, accumulate dense cytoplasm and differentiate as a distinct endo¬ 
thelium. Structure and behaviour of endothelium in these species have already 
been reported by Pandey (1980). 

Endosperm and embryo. At globular embryo stage, the endosperm completely 
fills the embryo sac (Fig. 2E). Simultaneously, the cells of the outermost 
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Fig. 1. Zinnia elegans. A. Longitudinal section of ovary and ovule at organised female 
gametophyte stage. B. Longitudinal section of part of integument at the same stage. 
C, D. Transverse sections of ovary and ovule at organised female gametophyte and 
globular embryo stages respectively. E. Transverse section of mature cypsela. F. 
Epidermal cells of mature seed coat in surface view. G. Longitudinal section of part of 
cotyledon showing palisade layers. H. Longitudinal section of mature cypsela. I, J. 
Transverse sections of part of ovary at organised female gametophyte stage. K. Longi¬ 
tudinal section of part of ovary after fertilization. L. Longitudinal section of part of 
mature cypsela. (COT : cotyledons, EMB : embryo, EN : endothelium, END : endosperm, 
EP : epidermis, ES : embryo sac, FVZ : fibrovascular zone, HY : hypodermis, O : ovary, 
OV: ovule, PEZ: periendothelial zone, PC: pericarp, PL: phytomelan layer, REN: 
remnants of endothelium, SC : seed coast, SS : schizogenous space, VS : vascular supply.) 
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Fig. 2. Zinnia linearis. A. Longitudinal section of ovary and ovule at organised female 
gametophyte stage. B. Longitudinal section of part of integument at the same stage. 
C. Transverse section of ovary and ovule at organised female gametophyte stage. D. 
Longitudinal section of part of seed at globular embryo stage. Note prominence of endo¬ 
sperm cells. E, F. Longitudinal sections of ovary and ovule at globular embryo and well- 
differentiated cotyledonary stages respectively. G. Longitudinal section of mature cypsela. 
H, I. Longitudinal sections of part of ovary before and after fertilization respectively. 
J. Longitudinal section of part of mature cypsela. K. Transverse section of mature 
cypsela. L. Epidermal hair. (AS: air space, COT: cotyledons, EMB: embryo, EN. 
endothelium, END : endosperm, EP : epidermis, ES : embryo sac, FL : fibrous layer, HY : 
hypodermis, O : ovary, OV : ovule, PC : pericarp, PL : phytomelan layer, PZ : parenchy¬ 
matous zone, REN: remnants of endothelium, SC : seed coat, SS: schizogenous space. 
VS : vascular supply.) 
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layer of the endosperm accumulate dense cytoplasm and differentiate as a 
prominent layer (Fig. 2D). As the seed grows, liquidation of the endosperm 
follows and in a fully mature seed, only its outermost layer persists (Figs. 1L, 
2J, 3B). In Z. linearis the endosperm cells are more thickened as compared to 
Z. elegans (Figs. 1L, 2J). 

The mature embryo occupies the whole length of the seed (Figs. 1H, 2G). 
The hypocotyl-root-axis is shorter than the cotyledons. In a longitudinal section 
the cotyledons show two layers of palisade zone on the ventral side below the 
epidermis (Fig. 1G). Average length of embryo, hypocotyl-root-axis and coty¬ 
ledons is given in Tab. 1. 

Seed coat. Soon after fertilization, a few cell-layers around the endothelium 
enlarge considerably, become highly vacuolated and differentiate into a peri- 
endothelial zone (Figs. 1A, 3A). The cells of the integument lying in the 
chalazal region show stretching in the plane along the long axis of the ovule. 
The endothelium remains uniseriate throughout the length of the embryo sac. 
By the time embryo reaches globular stage, the cells of the periendothelial zone 
get disorganised and an air space is formed around the endothelium (Figs. ID, 
2E). The air space extends deep into the chalazal region also. 

In a fully mature seed, the seed coat is represented, in general, by two 
layers of cells (Figs. 1L, 2J). The number of layers in the seed coat is more 
on the micropylar and chalazal sides. The endothelium is seen as a thin 
cuticular layer closely adpressed to the endosperm. In Z. elegans, however, 
endothelium remains cellular on micropylar side (Fig. 3B). The epidermal cells 
of seed coat in surface view show irregular outline (Fig. IF). Thickening of 
any type is not seen in these cells. 

Ovary wall and pericarp. Outline of the ovary is nearly elliptical in a 
cross-section at the organised female gametophyte stage (Figs. 1C, 2C). In Z. 
elegans a small hump is present on one side (Figs. 1C, 3A) and this forms a 
distinct ridge in the mature fruit (Figs. IE, 3C). The ovary wall at this stage 
is distinguishable into two zones, outer and inner. The outer comprises 
epidermis and hypodermis and the inner includes rest of ovary wall (Figs. 1J, 
2H). The inner zone is again distinguishable into two regions. The outer 
region is composed of compactly arranged smaller cells which constitutes the 
profibrous zone and the inner region is made up of large parenchymatous cells 
(Figs. II, J). In Z. elegans, the cells of the profibrous zone begin to separate 
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Fig. 3. A-C. Zinnia elegans. A. Transverse section of ovary and ovule at organised female 
gametophyte stage, x96; B. Longitudinal section of part of mature cypsela, X102; C. 
Mature cypsela, xlO. D. Zinnia linearis. Mature cypsela, X15. (EMB : embryo, EN : 
endothelium, END : endosperm. O : ovary, OV : ovule, PC : pericarp, PEZ : periendothelial 
zone.) 
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Tab. 1. Size of cypsela, length of embryo, hypocotyl-root-axis 
and cotyledons (measurements in mm). 

(i yp x s b.) as 1 - 

Zinnia elegans 7-10x3-5 4.60 1.35 3.25 

Zinnia linearis 2-2.5 x 1-1.5 2.00 0.80 1.20 


from the hypodermal zone and this phenomenon starts from the wing region of 
the ovary (Fig. II). Separation of the two zones is, however, not seen in Z. 
linearis at this stage. Simple unbranched two-celled hairs are seen over the 
young ovary (Fig. 2L). 

Soon after fertilization, the inner zone of the ovary wall begins to separate 
from the outer zone in Z. linearis while the separation of the two zones which 
started before fertilization in Z. elegans is, more or less, complete by this time. 
The hypodermal cells in both the species become glandular and start secreting 
phytomelan in the schizogenous space (Figs. IK, 21). In Z. linearis, when the 
cotyledons are well-differentiated, the cells of hypodermis divide anti- and 
periclinally at some places resulting in elevations and depressions (Fig. 2F), 
but in Z. elegans the hypodermal cells do not divide. 

In a fully mature fruit of Z. elegans the epidermis and hypodermis remain 
one layer thick and the cells of the latter are radially elongated but the elon¬ 
gation is not uniform throughout. This results in wavy outline of the fruit 
(Fig. 1H). In Z. linearis the epidermis is single-layered but the number of 
hypodermal cells greatly varies at intervals (Fig. 2J). This results in the 
wavy margin of the pericarp (Fig. 2G, K). 

After filling the schizogenous space, phytomelan starts pressing the hypo¬ 
dermal cells thus giving an undulating appearance (Figs. 1L, 2J). The cells of 
profibrous zone in both the species become thick-walled and stains red with 
safranin. The number of sclerosed cells is more in the wing region. The cells 
of the innermost parenchymatous zone remain thin-walled (Fig. 2J). 

Fruit. Mature cypsils of Z. linearis are black in colour. The base of the 
fruit is narrow and stylar side is broad (Fig. 3D). The body of the fruit 
shows white hair. There is one prominent pappus seen projecting from the 
stylar base. White silky pappus are present at the base as a tuft. Both ovaries 
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of ray and disc are fertile and the fruits are similar in all respects except ray 
fruits being a little larger than the disc ones. 

Mature fruits of Z. elegans are light brown to dark brown in colour. Their 
colour depends upon the quantity of the phytomelan present. The pappus is 
persistent and is in the form of a tube. Pappus tube is longer in ray cypsils 
and shorter in discs. Under a stereoscopic binocular the fruit shows small 
tubercles throughout the length. Small cream coloured hair are seen all over 
the fruit body. The fruit shows a distinct ridge on the ventral side (Fig. 3C) 
whereas dorsal side is uniform. No ridge is present in Z. linearis. Size of the 
fruits is given in Tab. 1. 

Discussion Uniform pattern of pericarp development and differentiation has 
been observed in both the species of Zinnia with minor variations. The outer 
epidermis of the pericarp is single-layered followed by a prominent hypodermis. 
The pericarp of both the species shows undulations. In Z. elegans the undu¬ 
lations are caused by the differential elongation of hypodermal cells but in Z. 
linearis undulations are formed by the division of hypodermal cells. The hypo- 
dermal cells after fertilization become glandular and start exuding phytomelan 
in the schizogenous space created due to the separation of the two main zones 
of the ovary wall. Formation of schizogenous space and phytomelan layer is 
characteristic for tribe Heliantheae (Kapil & Sethi 1962, Chopra 1968, Misra 
1972, Sundara Rajan 1972, 1974, Chopra & Singh 1976, Pandey 1976, Maheswari 
Devi & Ranjalkar 1979, Pullaiah 1982, Pandey & Singh 1982, Stuessy & Liu 
1983, Maheswari Devi & Padma 1985). The main mechanical zone of the 
pericarp is constituted by the fibrous tissue which forms a continuous zone in 
the pericarp, a feature reported in majority of Heliantheae (Pandey & Singh 
1982, Maheswari Devi & Padma 1985). 

The mature seed coat is composed of two layers of parenchymatous cells 
and the cells do not show any type of thickening. Characteristic fibrous 
thickenings in the epidermal cells of the seed coat have been reported in some 
Heliantheae viz., Galinsoga parviflora, Parthenium hysterophorus, Wedelia 
calendulacea (Pandey 1977), Verbesina encelioides (Misra 1972), Eclipta erecta 
(Pandey 1976, Maheswari Devi & Ranjalkar 1979), Wedelia urticaefolia (Mahes¬ 
wari Devi & Ranjalkar 1979). 

In mature seeds, endosperm remains single-layered as also observed in other 
Heliantheae (Maheswari Devi & Padma 1985). 
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